include Nenana (Graf et al. 2015; Hoffecker 2001) and Ushki VII (Dikov 2003) . Dyuktai arguably transitioned in eastern Beringia and throughout the Bølling-Allerød and Younger Dryas into the Chindadn then Denali complexes Holmes 2011) . Northern Paleoindian traditions dominated by large lanceolate or fluted bifacial projectile points are also present in eastern Beringia during the Younger Dryas with the Mesa (Hoffecker 2011) and Northern Fluted Points complexes (Goebel et al. 2013) .
How eastern Beringian people and animals interacted has been at the core of archaeological research for several decades. Human colonization is contemporaneous with a megafauna turnover; the scale to which humans affected Pleistocene megafauna remains widely debated, particularly when dealing with the extinction of horse (Equus lambei) and mammoth (Mammuthus primigenius) (Buck and Bard 2007; Guthrie 2003 Guthrie , 2006 Haile et al. 2009; MacDonald et al. 2012; Solow et al. 2006; Surovell et al. 2016) . It has, for instance, been proposed that eastern Beringian people were large megafauna specialists gradually diversifying to lesser-ranked prey as mammoth and horse populations dwindled and disappeared (e.g., Potter et al. 2013) .
In contrast, the use of animals as raw material is rarely mentioned in discussions about technological variability and functionality (e.g., Goebel and Buvit 2011) . Technology based on organic raw materials plays a large part in most huntergatherer societies, but recovered organic artifacts in eastern Beringia are rare, limited to a few wapiti (Cervus elaphus) antler, mammoth ivory, and bone tools (Holmes 1996 (Holmes , 2001 Lyman 2015; Potter 2001; Potter et al. 2013 Potter et al. , 2014 Yesner 2001; Yesner et al. 2000) . In comparison, osseous and wood materials are quite common in western Beringia sites (Giria and Pitul'ko 1994; Khlopachev and Girya 2010; Pitul'ko 1993 Pitul'ko , 2013 Pitul'ko and Kasparov 1996; Pitul'ko et al. 2004 Pitul'ko et al. , 2015 . Based on the similarity of environments and, arguably, a historical continuity of population and culture, one can expect that organic technology also had an important role among eastern Beringian hunter-gatherers and that our current knowledge of eastern Beringian technology is heavily biased toward lithic materials.
In this article, we document the use of animal raw material at the site of Swan Point Cultural Zone 4b (hereafter CZ4b), in central Alaska. We propose that CZ4b was a specialized workshop dedicated to the production and maintenance of organic-based tools following three lines of evidence: (1) limited on-site consumption of megafauna for food, (2) diversity of organic raw materials and techniques used in processing them, and (3) spatial demarcation of specialized activity areas. We discuss the implications that this site has for our understanding of the evolution of technology and material culture in eastern Beringia.
Swan Point CZ4b: A Specialized Workshop

Site Background
Swan Point (XBD-146) is a multi-component site that dates from the terminal Pleistocene and throughout the Holocene. It is located on top of a ridge at 322 m asl, a strategic location overlooking up to 86 percent of the surrounding Shaw Creek Flats and Tanana-Yukon Uplands (Figure 1 ). Radiocarbon dates suggest that the CZ4b occupation was restricted to a short timeframe around 14,000 cal B.P., during the Bølling-Allerød interstadial chronozone (Supplemental Text 1). Archaeological materials were deposited during a time of intense regional sand dune buildup and calcareous loess deposition (Dilley 1998) . The spatial distribution and preservation of the fauna suggest a deposition by humans and a rapid postabandonment burial that preserved the integrity of the site; refits of both fauna and lithic artifacts indicate a single occupation that can easily be separated from components above it (Supplemental Text 2).
CZ4b is arguably the oldest recorded archaeological occupation in eastern Beringia, and also the only component to include microblades produced with the Yubetsu technique; this technique is characteristic of the Dyuktai tradition and is typically found in western Beringia (Gómez 2012; Holmes 2011) .
Limited On-Site Megafauna Consumption for Food
Faunal remains at CZ4b include large herbivores, lagomorphs, rodents, and birds (Supplemental Text 3, 4; Supplemental Table 1 ). Megafauna is dominated by mammoth, followed by horse and caribou (Rangifer tarandus); isolated remains of moose (Alces alces) and bison (Bison cf. priscus) were also identified. Most (98.6 percent) mammoth remains consist of tusk and cheek teeth fragments from juvenile and adult individuals that were probably acquired from sub-fossil skeletons (see below), but no post-cranial material was recovered for these age classes. The only mammoth remains that present evidence of human consumption for food are a few neonate ribs accounting for a single individual; one of the ribs bears a notch characteristic of dynamic loading impact (Supplemental Text 3).
Recorded elements for other ungulates are limited to skulls or lower limbs (autopod). While surface preservation does not enable recognition of butchery cutmarks, overall, these anatomical parts have little to no nutritional value and these specimens may relate to activities other than food extraction, such as skin or sinew extraction. By contrast, elements typically abandoned at hunter-gatherer sites after episodes of meat or marrow consumption, such as long bone fragments with green breaks, or vertebrae fragments, are absent (Supplemental Text 3).
Birds are dominated by waterfowl, in particular, geese (Anserini) and swan (Cygnus cf. columbianus). Element representation for geese suggests that they were brought to the site as complete carcasses; on the other hand, for swan, wings, or legless bodies, were likely transported to the site after field processing (Supplemental Text 3).
CZ4b does provide evidence that Dyuktai people hunted or scavenged megafauna, including horse, mammoth neonate, and caribou, and also acquired smaller prey items such as waterfowl and hares; but there is no evidence for hunting or scavenging of juvenile and adult mammoth. Faunal remains suggest that food preparation and consumption was not a major activity at CZ4b and that length of stay at the site was limited. In contrast to other Beringian sites (e.g., Potter 2005) , there is no evidence at CZ4b of primary butchery and large-scale consumption of ungulates. Nutritious body parts may have been transported away for eating, or possibly processed at another location or in a non-excavated area of the site.
Organic Technology: Diversity of Materials and Techniques
Differential preservation of osseous specimens at CZ4b generally hinders recognition of human modifications; for most specimens little to no portion of the original surfaces was preserved (Supplemental Text 2). Evidence for organic technology is limited to inferences and a few direct observations.
Lithic artifacts provide indirect insights about organic technology (Holmes 2011, see below) . Thirty-two burins were recorded in CZ4b, and 34 percent were refitted to burin spalls, demonstrating that burins were used and rejuvenated at the site. Burins can be used for various tasks, but are generally more fit for engraving, carving, and grooving organic materials (Barton et al. 1996) . Numerous Yubetsu microcores, microblades, and ski spalls (some of which were refitted to microcores) were also recorded, indicating that large quantities of microblades were produced at CZ4b. They were most likely used at the site in the production and maintenance of composite tools. Indeed, Yubetsu microcores are an efficient way of transporting future microblades (Elston and Brantingham 2002) , and there would be little incentive to produce them before their immediate use.
Evidence for antler work includes the beam of a shed adult male caribou antler from which cortical flakes were extracted ( Figure 2 ). The two halves were separated along a fresh surface and recovered about two meters from each other, suggesting that the beam was split, probably by inserting a wedge in the spongious portion at the base (i.e., cleaving). While surface impacts are not preserved, green break scars suggest repeated impacts using the newly created surface as a platform ( Figure 2 ). Fracture of caribou antler by cleaving and direct percussion, using an anvil as support, was widespread in the Upper Paleolithic (Baumann and Maury 2013) . Typically, the desired end-products were not the short and wide flakes created by percussion, but rather the straight, elongated pieces of the beam or second spike from which flakes were extracted-shaping/façonnage rather than débitage (Pétillon and Ducasse 2012) . During the Upper Paleolithic, other methods have been used for producing elongated antler pieces, including splitting (using a wedge longitudinally, Baumann and Maury 2013) and "groove and splinter" techniques (Goutas 2009). The advantage of direct percussion in regards to other techniques is speed, but it is less efficient in terms of raw material conservation (Pétillon and Ducasse 2012) .
Few mammoth tusk specimens display explicit evidence of technological work, even as they hold a large place in the faunal assemblage (75 percent of non-rodents identified specimens). The lack of visibility of technological traces is most likely due to poor bone surface preservation (Supplemental Text 2).
A mammoth calf tusk is beveled on the proximal end ( Figure 3) ; the bevel may have been produced by scraping/abrading in order to facilitate the removal of the pulp cavity (similar to specimens in Pitul'ko et al. 2015) . Beveled cylindrical elongated objects (rods) of similar dimensions, and made of ivory, antler, or bone, have been recovered in both Paleolithic and Paleoindian contexts; functional interpretations have varied between projectile point, foreshaft, wedge or pressure flaker (Derev'anko et al. 1998; Hemmings 2004; Lyman et al. 1998 ; Pitul'ko et al. 2004 , 2015 Potter 2005 , Potter et al. 2014 Yesner 1994 Yesner , 2001 Yesner et al. 2000) . Without further evidence, it is unclear what the CZ4b artifact was intended to be. An adult mammoth tusk displays evidence of percussion (Figure 4 ). Rather than a failed attempt to produce flakes, percussion probably denotes the use of the tusk as an anvil. This concurs with evidence, from antler specimens, of anvil use (see above), and the absence of recovery of large rocks at the site. On the other surface of the same specimen, a large (50 by 3.3-4.0 cm) ivory splinter was extracted by the groove and splinter method: burins were used to groove through the soft outer layers of dentine, before levering the desired blank with a wedge or chisel (Christensen 1999) . The use of this method on ivory was widespread in the Upper Paleolithic (Christensen 1999; Hahn et al. 1995) , including examples from northeastern Eurasia (Pitul'ko et al. 2015; Semenov 1964) , and probably Alaska (Gelvin-Reymiller et al. 2006) . The end-product was an elongated splinter similar to those recovered at Yana (Pitul'ko et al. 2015) , later modified for various purposes: ornament, projectile point, or foreshaft (Hahn 1995; Pitul'ko et al. 2015; White 1995) .
Beyond these large artifacts, it is likely that most recorded ivory fragments represent débitage debris. Additional ivory artifacts must have included flakes obtained by percussion (Heckel and Wolf 2014; Khlopachev and Girya 2010) , as is known in northeastern Eurasia (Pitul'ko and Kasparov 1996; Pitul'ko et al. 2015) . At CZ4b, the poor bone surface preservation generally hinders the recognition of such artifacts.
Wings of swans were valued enough to be selectively transported to the site (see above). Little nutritional value is offered by wings; rather, this selective representation suggests a focus on the feathers (Bovy 2002 (Bovy , 2012 Finlayson et al. 2012) and the long, straight ulnae and radii that have been used as awls and tubes throughout prehistoric times (Bovy 2002 (Bovy , 2012 . Similarly, spatial distribution of geese elements suggests that wings were given a special treatment (see below). Waterfowl feathers used for fletching, along with those of other birds, have been recovered from prehistoric contexts in the Alaska-Yukon ice patches (Dove et al. 2005; VanderHoek et al. 2007) ; today, goose feathers are still a favorite among traditional bowyers (Allely et al. 1992) .
Overall, combined information from lithic and organic materials at CZ4b indicates a specialized focus on the production and/or repair of composite tools. Grooved organic blanks as well as microblades were manufactured on site. Most likely, shafts, fletching and hafting implements (animal/vegetal glue, sinew) were produced as well. The composite end-products, whether they were knives or projectiles, must have been similar to those made of bone, antler, and ivory, recovered from Chernooz'or'ye II, Kurla II/III (Derev'anko et al. 1998) , and Zhokhov Island (Giria and Pitul'ko 1994) . 
Spatially Demarcated Activity Areas
There are three major concentrations of remains with densities of the same magnitude (Table 1, Figure 5 , Figure 6 ): to the south (N 91-95, E 97-101), the north (N 97.5-101, E 96.5-99.5), and the east (N 95.5-98, E 100.5-102). The south and north clusters are similar in their material composition (Table 1 ; 2 = 3.8; df = 3; p = .29) and are both organized around dispersed patches of burned organic residues. Burned patches are described in detail elsewhere (Crass et al. 2011; Holmes 2011; Kedrowski et al. 2009) . Briefly, these patches include fatty residues from animals (ruminant and monogastric herbivores) as well as plants, and comparatively little charcoal. Based on experimental work they are most consistent with hearths fueled by bone and other materials such as herbivore dung or graminoids. The east cluster is nearly entirely composed of mammoth tusk fragments (Table 1 ). The rest of the site is composed of lowdensity areas with scattered remains.
Ethnoarchaeological and archaeological research in the past 40 years has helped define patterns of space use that are universal among huntergatherer societies. In particular, activity areas are defined by the presence and/or absence of particular types of artifacts. Activities such as flint-knapping are best defined by the presence of debris related to the activity conducted, rather than by the tools or cores themselves which are generally removed from the activity loci through recycling or cleaning (Binford 1978 (Binford , 1983 Clark 2015; Surovell and Waguespack 2007; Vaquero and Pastó 2001; Waguespack and Surovell 2014) . The distribution of different types of archaeological materials at CZ4b ( Figure 5, Figure 6 ) informs also on the types and location of activities conducted.
Microcore rejuvenation flakes and burin spalls relate to the production of microblades and the use and rejuvenation of burins in both north and south hearth areas, while microcores and burins are preferentially located further away ( Figure 5 ). Composite tool production and maintenance were thus located in the immediate vicinity of hearths. Production and maintenance of composite tools require not only skill but also extensive time investment (Elston and Brantingham 2002) and are best executed near light and warmth, as has been documented in other archaeological contexts (Bodu et al. 2006; Leroi-Gourhan and Brézillon 1966, 1972; Olive and Pigeot 2006; Pigeot 2010; Potter 2005; Wenzel 2011) .
Fragments from highly nutritious anatomical parts, such as mammoth ribs and horse hyoid, indicate a food consumption activity and are preferentially located near the hearths (Figure 6 ). Whereas, "bulky" elements, such as vertebra, or elements that have little to no nutritional value, such as phalanges and metatarsals, are absent or located further from the hearth areas in relatively empty zones. "Empty zones" are characteristically locations where activities that need a lot of space but generate little debris are conducted, such as primary butchering, skinning, and hide preparation, or sinew extraction (Audouze 2010; Binford 1983; Olive and Pigeot 2006) . At CZ4b, such areas may have been located away from hearth areas; for instance, metatarsals and phalanges are consistent with remains from skin preparation and/or sinew extraction (Figure 6 ). In the case of primary butchering, assuming such areas existed at CZ4b and that low-density elements such as vertebra were preserved, they are probably located in non-excavated parts of the site.
The majority of the recovered mammoth ivory fragments occur in the east cluster ( Figure 6 ). This cluster is at the edge of the excavated area, and future finds will probably provide additional elements of interpretation. Nevertheless, a concentration of small ivory fragments suggests a focus on ivory knapping, percussion, or other types of technological methods recognized on the faunal remains (see above). At CZ4b, large ivory frag- Figure  6 ). Within the south hearth area, geese hindlimb elements are preferentially located toward the center of the hearth while forelimb elements are located 1 to 2 m farther away (Figure 6 ), suggesting that legs and wings underwent different treatment. Legs could have been used primarily for food consumption, and dropped in the fire, while wings would go through further processing for feather extraction and/or bone technology.
A Specialized Workshop
A major function of CZ4b was as a workshop for producing composite tools and/or weapons. Manufacturing activities were paramount and well demarcated in space. Other activities such as acquiring and processing food may also have been conducted at the site but are less visible archaeologically.
Whether mammoth tusks were used fresh or scavenged from subfossil individuals has impor-tant implications for the interpretation of CZ4b. Mammoth tusks are much easier to extract (from the jaw) and modify when they are subfossilized, that is, when the structural collagen has partially decayed (Christensen 1999 , Pitul'ko et al. 2015 . Experiments have shown that, while producing conchoidal flakes is easiest on frozen fresh ivory (Khlopachev and Girya 2010) , grooving is up to 20 times faster with degraded rather than with fresh ivory; regardless of any prior chemical (e.g., vegetal acids, urine) or physical (e.g., soaking, steaming, freezing) treatment (Christensen 1999; Steguweit 2015) . The 50-cm-long splinter from CZ4b would have been extracted in as little as two hours on degraded ivory, in contrast to about 40 hours on fresh ivory (Christensen 1999) .
Working fossil ivory was common in the Paleolithic. At the nearby sites of Mead and Broken Mammoth, ivory several thousands of years older than the human occupation was used (Yesner 2007) . For other sites, such as CZ4b, where dated ivory is contemporaneous with human occupation, people may have deliberately come to places on the landscape where they knew ivory was to be found: whether that be where mammoth were likely to die, e.g., "mammoth cemeteries," or where people had killed a mammoth some time before and kept the ivory "in storage" (Pitul'ko et al. 2015; Steguweit 2015) . Regardless of the scenario, at CZ4b, the absence of post-cranial skeletal material assigned to the same age categories as those for which tusks were recovered (see faunal remains) concords with the idea that at least some tusks were acquired as subfossils. This is particularly true of the large adult tusk (Figure 4 ), on which a direct radiocarbon date is slightly older than those for the rest of the component (AA-98488, Supplemental Text 1). Swan Point must have been in close proximity to an ivory source as people probably did not carry large and heavy tusks for long distances. The site's position on the landscape is striking on several accounts; it lies at the interface of uplands and lowlands, with high visual control of the surrounding landscape (Figure 1 ). If mammoth bones also occurred in the vicinity of the site, Swan Point was the ideal location for a workshop. As such, CZ4b is very similar to the sites of Yana and Berelekh in northeastern Eurasia, archaeological sites located in the vicinity of massive, naturally occurring accumulations of mammoth bones, which people used for raw material as "ivory mines" (Basilyan et al. 2011; Pitul'ko 2011; Pitul'ko et al. 2014 Pitul'ko et al. , 2015 . The Yana site also includes areas with high concentrations of ivory artifacts and debris suggesting specialized manufacturing areas (Pitul'ko et al. 2015) .
In contrast, later sites in eastern Beringia are different in their artifact composition and spatial patterning, and most have been interpreted as more residential camps where a diverse range of activities were conducted (e.g., Potter 2005) . CZ4b can probably be considered as a logistical foray, dedicated to resupplying on composite tools, within a larger settlement strategy at the landscape level.
Organic Technology in Beringia
Combined faunal and spatial analyses at CZ4b confirm that organic materials were part of eastern Beringian technology and that their low visibility in archaeological sites in comparison to assemblages from western Beringia can probably be attributed to taphonomic factors.
Based on the limited evidence available, Dyuktai people in eastern Beringia had a similar relationship with animals as their Eurasian counterparts. Dyuktai people preyed on the same animal species on either side of the Bering Strait. For instance, prey at both CZ4b and Berelekh includes horse, caribou, hare (Lepus spp.), geese (Anserini), ptarmigan (Lagopus spp.), and, at least at CZ4b, neonate mammoth (Pitul'ko 2011; Supplemental Text 3) . Dyuktai people thus relied on a diversity of animals, including high-ranking prey such as neonate mammoth and other megafauna, but also smaller prey such as birds. In addition, both Berelekh and CZ4b may have been used at least in part for processing materials derived from sub-fossilized skeletons of juvenile and adult mammoths.
The diversity of techniques for working organic raw materials is obvious at CZ4b, despite the small sample size. Methods of extraction included cleaving, direct percussion on anvil, and groovesplintering. Methods of shaping included scraping/abrading and most likely grooving. Given that Dyuktai people possessed a great breadth and depth of technological skills, their choice of methods in a given circumstance must have depended on which currency was favored. If time was the most important limitation, percussion would likely have been preferred; if raw material quantity was a limiting factor, a method such as groove and splinter would have been more suitable. Dyuktai people at CZ4b also took full advantage of the different mechanical and physical properties of the variety of osseous raw materials available to them. Antler is elastic and tough (Currey 1979; Margaris 2014) and was probably used for producing projectile parts. Ivory is massive, compact and homogeneous (Christensen 1999) ; its shape is ideal for producing elongated objects or objects with complex shapes. Bone is strong and abundant but somewhat more brittle (Currey 1979; Margaris 2014) and may have been favored for tools used by pressure rather than percussion, such as large mammal bones for composite knives (e.g., Pitul'ko and Kasparov 1996) and elongate bird bones for needles, tubes and awls (Bovy 2002 (Bovy , 2012 .
The evidence for organic technology at CZ4b has some important implications for the evolution of material culture in eastern Beringia. After about 14,000 cal B.P., changes occurred both in the environment and the economy and technology of eastern Beringian people. With the development of more forested habitats (Bigelow and Powers 2001; Llyod et al. 2006; Potter 2008 Potter , 2011 , mammoth, horse, and caribou became locally and/or regionally extinct, and human diet shifted toward a heavy emphasis on bison and wapiti (Lanoë et al. 2016; Potter 2007; Potter et al. 2013; Yesner et al. 2011) , two species more tolerant of more closed habitats. While microblades were still present in Chindadn and Denali toolkits, they were produced primarily with the Campus method rather than the Yubetsu method characteristic of Dyuktai (Gómez 2012) . Mammoth artifacts made from fossil ivory, particularly rods, were still in use after 14,000 cal B.P., but were quite rare (Holmes 1996 (Holmes , 2001 Potter 2001; Yesner 2001; Yesner et al. 2000) . Bifacial projectile points first appeared and were used, at least in some cases, in association with foreshafts made of wapiti antler (Potter et al. 2014) . Projectile bifacial points (reductive technology) are fundamentally different than projectile points based on microblades (additive technology [Dixon 2013] ) both in terms of the skills involved in making them and in terms of strategy of resource acquisition (Elston and Brantingham 2002) .
At least some changes in technology and material culture may be related to renewal of cervid species. Caribou antler has especially thick cortical walls and is ideal for producing projectile points that can resist impact stress (Guthrie 1983; West 1981) ; therefore, it is best suited for composite projectile points with microblade insets. Indeed, the vast majority of recorded composite projectile points in both Eurasia and North America were made on antler; when the species is mentioned, it is caribou (Gómez 2011; Pétillon et al. 2011) . Wapiti antler is less tough but straighter and may have been preferred for elongated objects that were subjected to less stress, such as projectile foreshafts (Guthrie 1983; Lyman et al. 1998) . As such, evidence from CZ4b suggests that environmental change may have indirectly influenced the evolution of material culture, particularly lithics, by changing the availability of raw materials and specific megafauna species on the landscape. 
